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The Rotorcraft/Ship Dynamic 
Interface can be a hostile 
environment with the operational 
availability of an embarked 
rotorcraft being dictated by its 
operating limits (launch and 
recovery envelope). The National 
Aerospace Laboratory NLR - The 
Netherlands has a good 40 years of 
experience in the field of helicopter-
ship qualification testing. A cost 
effective and safe approach has 
been developed in the course of 
time, based on a thorough 
understanding of the helicopter 
(shore-based) operational 
characteristics and the ship’s 
environment. Qualification 
programme elements are: 
 The airflow characteristics 
above the ship’s flight deck 
and along the flight approach 
paths are measured on a scaled 
model in the wind tunnel and 
verified experimentally on the 
actual subject ship. 
 The helicopter operational 
characteristics (hover in wind, 
omni-directional) are 
measured during shore based 
trials. 
 A candidate flight envelope is 
assessed by determining the 
influence of the ship 
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environment on the helicopter 
capabilities.  
 Finally the candidate envelope 
is verified by means of flight 
trials on-board the ship by 
means of (subjective) pilot 
ratings and (objective) 
measurements of helicopter 
and ship key parameters. 
 
This report presents the 
methodology on helicopter-ship 
qualification testing as applied in 
The Netherlands and describes: 
 the factors influencing the 
helicopter/ship operations; 
 how these factors are 
determined in various 
qualification programme 
elements; 
 how these factors are used to 
set up a flight test programme 
on board the ship; 
 how the ship-borne flight tests, 
within the constraints of safety 
and efficiency, are carried out 
and 
 in what way, during the tests, 
repeated use is made of the 
data obtained in the previous 
qualification programme 
elements and of the experience 
of the test team, resulting in 
the smallest possible number 
of flying hours without 
affecting the quality of the 
results. 
 
 
 
The test results lead to safe 
maximum Ship Helicopter 
Operational Limitations (SHOLs) in 
terms of helicopter take-off mass, 
atmospheric restrictions (relative 
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applied operating procedures during 
day-and night-time. 
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five-step approach has been 
systematically and successfully 
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programmes for agencies at home 
and abroad.  
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applying the methodology as 
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Summary 
The Rotorcraft/Ship Dynamic Interface can be a hostile environment with the operational 
availability of an embarked rotorcraft being dictated by its operating limits (launch and recovery 
envelope). The National Aerospace Laboratory NLR - the Netherlands has 40 years of 
experience in the field of helicopter-ship qualification testing. A cost effective and safe 
approach has been developed in the course of time, based on a thorough understanding of the 
helicopter (shore-based) operational characteristics and the ship’s environment. Qualification 
programme elements are: 
 The airflow characteristics above the ship’s flight deck and along the flight approach paths 
are measured on a scaled model in the wind tunnel and verified experimentally on the 
actual subject ship. 
 The helicopter operational characteristics (hover in wind, omni-directional) are measured 
during shore based trials. 
 A candidate flight envelope is assessed by determining the influence of the ship 
environment on the helicopter capabilities.  
 Finally the candidate envelope is verified by means of flight trials on-board the ship by 
means of (subjective) pilot ratings and (objective) measurements of helicopter and ship key 
parameters. 
 
This report presents the methodology on helicopter-ship qualification testing as applied in The 
Netherlands and describes: 
 the factors influencing the helicopter/ship operations; 
 how these factors are determined in various qualification programme elements; 
 how these factors are used to set up a flight test programme on board the ship; 
 how the ship-borne flight tests, within the constraints of safety and efficiency, are carried 
out and 
 in what way, during the tests, repeated use is made of the data obtained in the previous 
qualification programme elements and of the experience of the test team, resulting in the 
smallest possible number of flying hours without affecting the quality of the results. 
 
The test results lead to safe maximum Ship Helicopter Operational Limitations (SHOLs) in 
terms of helicopter take-off mass, atmospheric restrictions (relative wind & sea state), ship 
motions and applied operating procedures during day-time and night time operations. 
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Abbreviations 
A/F  Aft/Fore 
AFS  Advanced Flight Simulator 
AGL  Above Ground Level 
AUM helicopter All-Up Mass 
CC Command & Control Centre [UK: Opsroom; USA:Combat Information Centre] 
F/A  Fore/Aft 
FDO  Flight Deck Officer 
GPI  Glide Path Indicator 
GSI  Glide Slope Indicator 
HCO  Helicopter Control Officer 
HEDAS Helicopter Data Acquisition System 
HIFR  Helicopter In Flight Refuelling 
IGE  In Ground Effect (hover) 
M helicopter Mass 
NLR Nationaal Lucht- en Ruimtevaartlaboratorium 
(National Aerospace Laboratory NLR -the Netherlands) 
NVG  Night Vision Goggles 
OAT  Outside Air Temperature  
o/b  on board  
OGE  Out of Ground Effect (hover)  
PC  Personal Computer  
PD  Project Definition  
RNLAF Royal Netherlands Air Force  
RNLN  Royal Netherlands Navy  
RMDU  Remote Multiplexing/Digitizer Unit  
RMS  Root Mean Square 
RRR  Rotors Running Refuelling  
RW  Relative Wind  
SHOLs Ship Helicopter Operational Limitations  
UVW Orthogonal velocity components of a local wind velocity vector  
Vertrep  Vertical replenishment  
WAU  Wind data Acquisition Unit  
XD  Cross Deck  
σd  Air density ratio 
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1 Introduction 
In recent years operations with a large variety of helicopter types from various classes of naval 
ships have steadily increased world-wide. The improved capabilities of present-generation 
helicopters offer a wide range of possibilities for ship-helicopter combinations to cope with the 
growing demand being put on modern maritime forces. Many even relatively small vessels are 
being equipped with a helicopter flight deck. 
Sometimes an almost marginal facility is provided for take-off, landing and deck handling. Yet, 
helicopter operations may be required in a wide range of operational conditions (day, night, sea-
state, wind, visibility etc.) with the highest possible payload. Nowadays, in line with the 
increasing importance of helicopter/ship operations the helicopter manufacturer sometimes 
additionally provides limitations of a general nature for helicopter-ship operations. 
The limitations for land-based operations (determined after extensive factory testing) are based 
amongst others on a non-moving and unobstructed landing site. On the other hand, the 
limitations for ship-borne operations are to be based on an obstructed landing site (flight deck) 
which may show random oscillatory movement and where amongst others extremely turbulent 
wind conditions can prevail.  
 
Unlike land-based take-offs and landings, ship-borne take-offs and landings occur in winds 
from any direction relative to the helicopter. The freedom of naval ships to manoeuvre is 
normally often limited by operational constraints, thus creating relative winds in which the 
helicopter is forced to take off or land in non-ideal conditions.  
In figure 1 a launch/recovery platform with multi landing spots "flight deck" aboard a ship of 
the Royal Netherlands Navy is shown. Typical land-based helicopter platforms are normally 
large, flat, open spaces which are conducive to low atmospheric wind turbulence. Conversely, a 
ship's superstructure always creates air-wake turbulence over the flight deck and the platform’s 
attitude is never stationary. In addition, the interaction of the ambient environment (true winds 
and sea motion) with the ship, which creates the operational environment for the helicopter, is 
not the same for every class of ship.  
For land-based helicopter operations, the manufacturer provides the operational limitations and 
procedures. These are laid down in the manuals. A comparison of these factors is given in 
table 1. 
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Figure 1 Flight deck and hangar lay-out on board a Royal Netherlands Navy ship. 
 
Table 1: Comparison of take-off & landing area characteristics 
 
 Ashore o/b Ships 
Take-off, approach and 
landing procedure Into wind 
Varying relative wind 
w.r.t. helicopter 
   
Air flow Smooth Turbulent & Gusty 
 Clear Polluted Smoke & Spray 
   
Landing site 
Characteristics Open & Spacious Confined area  & Obstacles 
 Fixed slopes Varying pitch, roll & Vertical motion (heave) 
   
Operational limitations Helicopter & Terrain Helicopter/class of ship & Operational environment 
   
Aircrew manual Operational Limitations In some cases only rough guidelines 
 
As the oscillations of the landing platform on a moving vessel are strongly dependent on the 
ships' characteristics and the operational environment, the helicopter manufacturer can only 
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provide some general guidance for ship-borne helicopter operations. Dedicated operational 
limitations for ship-borne operations are therefore the responsibility of the operator. 
Because of the unique characteristics of each helicopter-type/class-of-ship combination and the 
innumerable combinations possible it is understandable that usually no (extensive) testing has 
been carried out by the helicopter manufacturer for all combinations that may be of interest. It 
follows that the limitations given, if any, must be considered as general guidelines, with large 
safety margins with respect to the helicopter capabilities and pilot ability to control the 
helicopter, and thus do not provide a maximum operational availability of the helicopter on 
board the ship. It is expected that the actual limitations, i.e. those that allow maximum 
availability of the helicopter within the constraints of safety, are lying somewhere between the 
limitations for land-based and those for ship-borne operations as given by the manufacturer. To 
determine these limitations a dedicated helicopter-ship qualification programme is to be 
executed. Figure 2 shows an example of helicopter operations in rough weather. 
 
 
Figure 2 Helicopter operations on board a ship in a rough environment. 
 
In this report an explanatory overview is given of the factors influencing helicopter-ship 
operations, the way they are determined in various qualification programme elements and how 
they are used to set up a flight test programme on board a ship. 
 
Described is: 
 How the execution of the ship-borne tests is within the constraints of safety and efficiency; 
 The use made of data obtained in the previous programme elements; 
 The use made of the experience of the test team. 
The result is the smallest possible number of flying hours that does not affect the quality of the 
results. The attention is focused on helicopter take-off and landing which in fact constitute the 
main part of the test programme. Finally the presentation of the results are given. 
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2 Experience 
The Royal Netherlands Navy (RNLN), being one of the first operators of helicopters on small 
ships  and operating world-wide, pioneered more than 40 years ago with National Aerospace 
Laboratory NLR in the development of helicopter-ship qualification procedures. This 
collaborative effort has led to a five-step qualification programme described in this report.  
NLR is the Netherlands expert institute on aerospace technology and related subjects. From 
1964 to date it actively participated in twenty-one (21) qualification programmes. Six (6) of 
these programmes were carried out in co-operation with four (4) international operators. In total 
thirteen (13) classes of ships and eleven (11) helicopter types were involved. 
 
In the period from 1982 up to date dedicated qualification procedures have been applied by 
NLR for helicopter-ship qualification testing. The applied methodology has been successfully 
used in twelve qualification programmes for agencies in The Netherlands and abroad. Five types 
of helicopters and eight classes of ships were involved. Helicopter maximum take-off mass 
ranged from 4040 kg (8900 lbs) to 10250 kg (22580 lbs). Ship’s maximum water displacement 
ranged from 485 tons to 17000 tons. The most extreme helicopter-ship combination worth 
mentioning was a 4040 kg (8900 lbs) helicopter on a 485-ton ship equipped with a flight deck of 
7 by 7.6 m.  
 
 
3 Qualification programme 
3.1 General 
One of the most important staff requirements for helicopter compatible ships is the helicopter 
type to be operated from a given class of ship. This requirement implicitly defines the deck 
sizing, hangar spacing and technical support features for optimal and safe helicopter operations.  
A ship can be considered as an isolated island, which is in turn domicile and working area of 
several disciplines. Each discipline has its own specific requirements.  
The designers of a ship attempt to meet all requirements within predefined constraints. The final 
draft by the design office will therefore be a compromise, within which each discipline must 
strive to fulfill its tasks.  
As the helicopter is one of the many systems of a ship, it is obvious that helicopter operations 
are to be performed within the constraints of the aforementioned compromise.  
For a better understanding of the methodology as applied in The Netherlands, the 
factors/subjects in connection with helicopter ship operations, as described in Annex A, are of 
importance. 
 
  
NLR-TP-2006-024 
 
  13 
3.2 Objectives  
The main objectives of a qualification programme are:  
 the determination of operational limitations, regarding flight as well as deck handling etc., 
for a specific helicopter-ship combination;  
 the adjustment of standard operations;  
 the establishment of additional rules and procedures if applicable;  
 the establishment of a data base for safe future flight activities.  
 
The determined SHOLs contain in general the following information:  
 helicopter type / day or night / flight condition (launch/recovery or traversing/ranging the 
helicopter from hangar to flight deck and vice versa, etc.).  
 applied flight procedures during launch/recovery;  
 allowable maximum all-up masses of the helicopter;  
 wind limitations. The data are presented as a polar diagramme, the radius representing the 
wind speed and the azimuth the wind direction as measured by the ships' systems;  
 allowable ship motions.  
 
The execution of a complete qualification programme may seem to be rather elaborate. 
However the advantages that are gained in the long run are enormous. Once a ship and a 
helicopter have been qualified for ship-borne operations, updating the SHOLs after 
modifications on the helicopter or on the ship is relatively easy as only the relevant parts of the 
qualification programme have to be carried out. The same holds for the determination of SHOLs 
for a new helicopter type or a new class of ship put into service with the operator. In this respect 
the reader should be aware of the following:  
1. The life cycle of a helicopter is nowadays 30 to 35 years.  
2. The lead-time for the design and building of a ship is approximately 8 years.  
3. The life cycle of a ship is at least 25 to 35 years.  
4. although the lifespan of both platforms is almost equal, they hardly ever coincide with each 
other.  
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4 Scope of Test Programme 
4.1 General 
An important aspect of helicopter-ship qualification testing is safety. The problem is to define 
this in quantitative terms, taking into account the limitations imposed by the environment, the 
capabilities of the helicopter and the capabilities of the pilot. In order to obtain the required data 
in a safe and efficient way, a programme of preparatory measurements, analysis and flight 
testing is executed. The scheme presently in use is depicted in figure 3.  
 
 
Figure 3 Set-up of helicopter- ship qualification programme as applied by NLR. 
 
 
5 Testing 
5.1 Wind tunnel tests on a scale model of the ship 
Wind tunnel tests on ship models are carried out to determine the airflow characteristics (airflow 
deviations with respect to the undisturbed oncoming relative wind, turbulence) above the flight 
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deck and in the possible approach paths of the helicopter to the ship as function of the relative 
wind. The relative wind is the wind vector resulting from the true wind and ship's course and 
speed. Furthermore the ship's exhaust plume paths and prediction of plume temperature (by 
plume dispersion measurement) as a function of ship's power settings and relative wind 
conditions are determined.  
 
By carrying out these tests in the design stage of the ship it is often possible to determine that, 
by a small change to the superstructure the airflow patterns above the flight deck can be 
improved and the exhaust gas nuisance can be decreased, so that costly modifications of the 
existing ship may be prevented. The same holds for the position of the ship's anemometers on a 
yard of a mast and in relation to other sensors. Furthermore one must keep in mind that an 
optimum stack/funnel design for flight operations does not automatically include an optimum 
for Infra Red Signature and/or Radar Reflection Cross-Section, so often compromises have to 
be made. 
Finally the position error of the ship's anemometer is determined which is, apart from the 
instrumentation error of the anemometer, needed to establish the relation between the 
undisturbed relative wind conditions and those prevailing above the flight deck and along the 
helicopter approach paths. 
An example of a wind tunnel investigation on stack and funnel design in relation to smoke 
nuisance, is presented in figure 4. The figure shows the original design (bottom part) and the 
proposed design (top part) determined from the wind tunnel investigation. Both situations 
presented are for identical head wind and exhaust gas dispersion. 
 
 
Figure 4 Stack & exhaust gas nuisance investigation on a wind tunnel model. 
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5.2 Full-scale ship’s wind climate and motion tests 
Airflow trials are conducted on every ship prior to helicopter tests on board. The aim of these 
tests is to establish the magnitude of errors in the ship's anemometer system. The 
instrumentation error of the ship's anemometer is determined and the position error, as 
established during the wind tunnel tests, is verified. With the information obtained, an 
unambiguous relation between the anemometer readings, the air flow conditions above the flight 
deck and in the helicopter approach paths and the undisturbed relative wind condition is 
determined. Such information is vital since, unless the system is to a required accuracy, 
helicopter operations from that ship class will not be recommended.  
 
Wind climate tests on board the ship are also carried out to verify the wind-tunnel test results 
concerning the air flow characteristics above the flight deck. For these tests two movable masts 
with wind measuring systems including temperature probes and data acquisition units are used 
by NLR.  
One mast contains two measuring and acquisition systems at heights of 5 m and 10 m above the 
flight deck and the second a system at 3m height (Fig. 5). 
With the established relation between the wind tunnel test results and full-scale ship test results 
(Fig. 5), the actual wind climate in the various helicopter approach paths and over the flight 
deck can be predicted. 
 
Figure 5 NLR moveable measuring masts on flight deck. The graphs on the left show the 
comparison of wind-tunnel- and full-scale measurement results. 
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Furthermore ship motion characteristics (pitching and rolling motions) are determined as a 
function of sea state, wave/swell direction and ship's speed. 
 
5.3 Shore based hover trials 
The purpose of the shore based hover trials (Fig. 6) is to establish power margins and 
controllability limits in complete sidewards envelope to complement the flight manual 
information, as these are generally lacking detailed information.  
 
The test is performed at altitudes of 5, 15, and 50 to 60 feet above ground level (AGL), yawing 
the helicopter relative to the ambient wind in steps of 45 degree increments and when necessary 
in smaller increments. Starting with head winds (wind on the nose of the helicopter) and 
working around from 0° to 405° (360 + 45 degrees). When a stable hover condition is obtained, 
engine torque, rotor rpm, helicopter attitudes, and flight control positions are recorded in 
addition to ambient conditions (pressure altitude, OAT, ambient winds etc., etc.). The final 
results of this test programme provide a good baseline to work from to predict helicopter power 
and control performance requirements when operating in a disturbed airflow environment out at 
sea. 
 
Figure 6 General set-up during shore based hover trials. 
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6 Candidate flight envelope 
When areas of the land-based relative-wind diagram in which either of the hazardous conditions 
may occur are left out, a candidate ship-operation-relative-wind diagram results of which an 
example is shown in figure 7. It should be noted that such a diagram results from measurement 
of the ship's environment, helicopter performance measurements and analyses. Whether or not 
the diagram can be used operationally has to be determined by means of dedicated flight tests. 
To determine those areas in which testing has to be carried out an evaluation (also based on the 
measurements and analysis mentioned above) of the following conditions, where difficult and 
demanding situations will occur for the pilot, has to be made. This is the basis for the flight test  
programme to be carried out on board the ship. It is shown in figure 7.  
 
 
Figure 7 Candidate flight envelope to be tested on board a ship. 
 
At low relative wind speeds, high power and large control inputs are required to precisely 
control the helicopter, while the ship's stabilization system being generally less effective causes 
additional control inputs (areas A, C & E) to correct for ship motions. 
 
At high relative wind speed from ahead, the accompanying turbulence (moderate to heavy; area 
B) and especially the large pitch amplitudes of the ship need much control effort of the pilot 
which might result in such large power variations that the maximum allowable continuous 
torque is often exceeded. Besides, the presence of spray and exhaust gas (areas C, D), reducing 
the pilot's view over the flight deck, increases his workload even more. Hot exhaust gasses 
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above the flight deck and along the helicopter flight path close to the ship, have a similar effect 
on the helicopter rotor and engine performances as increased density altitude.  
 
The Candidate Flight Envelopes for ship-borne testing, based on the manufacturer’s low speed 
flight envelope (Fig. 8) and on the shore-based hover trials, can be divided into various aircraft 
mass bands for each type of landing to be evaluated. Generally speaking, an aircraft will have a 
wider (larger) operating envelope at light all up mass (AUM) than at heavy AUM due to 
reduced control and power margins as the helicopter mass increases. The aircraft mass bands are 
decided upon before any trials take place and depend upon the particular aircraft. The aim is to 
produce several equally divided bands covering the range of masses at which the aircraft will be 
required to operate. This range normally extends some way beyond the maximum permitted 
AUM of the aircraft to account for non-standard atmospheric conditions. The test mass, 
calculated in terms of M/σd (mass divided by density ratio) is referred to as density mass. The 
trials are conducted at various values of M/σd which are used to produce the “density mass 
envelopes” which are issued by the operators.  
 
 
Figure 8 Typical relative low wind speed envelope as provided by the manufacturer. 
 
6.1 Helicopter flight test programme 
The real challenge is to define the limitations imposed by the environment in quantitative terms.  
From the analyses described previously a number of take-off and landing procedures result 
(Annex B), with for each of these a candidate relative wind diagram (Fig. 9). 
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Figure 9 Composition of possible wind envelopes for various helicopter approach headings with 
respect to the ship. 
 
These diagrams then are combined to form a candidate helicopter-ship operations envelope. 
Since overlaps of the relative-wind diagrams for the various procedures will occur, a choice is 
made, taking into account the relative size of each of the overlapping sectors (maximizing the 
ship-borne operations envelope) and the expected ease of operating the helicopter. The trade-off 
is made, using operator requirements, engineering and pilot judgement. An example of a 
resultant Candidate Flight Envelope is shown in figure 10. Using ship anemometer calibration 
data, obtained during wind climate measurements, this operational envelope is related to wind 
information available on the ship in relation to actual wind conditions above the flight deck. An 
example of such an envelope (valid for the fore/aft procedure Fig. 7) is shown in figure 11.  
 
 
Figure 10 Example of a resultant Candidate Flight Envelope. 
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This candidate flight envelope will contain a number of areas (Annex C) for which the analyses 
indicate a requirement for testing. The problems that may occur are identified and the test 
procedure and instrumentation, required to investigate these areas safely, are determined.  
In these areas a number of conditions, which are preferably to be tested, are drawn-up.  
 
 
Figure 11 Candidate Flight Envelope, for fore/aft take-off and landing, corrected for ship 
anemometer system information. 
 
Since the flight-testing is to be carried out on board a ship in a limited period of time, the exact 
conditions at which tests can take place cannot be determined beforehand. Conditions that will 
be tested depend on the sea-state and wind conditions that are present in the area where the tests 
are taking place. Of course, the area and time of the year are selected to maximize the probable 
occurrence of the desired test conditions. However, this still usually does not provide the 
experimenter with a free hand to vary his test conditions at will.  
 
 
7 Helicopter qualification flight testing on board a ship 
As evident from the previous paragraph, the flight-test programme has to be defined in an 
interactive way during the testing period. The actual execution of the flight-test programme is 
governed by two main aspects:  
 safety and 
 efficiency.  
Safety is principally obtained by starting the flight tests in conditions easy for aircraft and ship 
personnel, leading to test team familiarization:  
 low helicopter mass  
 relative-wind conditions well inside the boundaries of the candidate relative-wind envelope 
(no "tough" conditions; e.g. Fig. 2)  
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 fore/aft procedure (the easiest)  
 fair weather  
 first by day, later on by night.  
 
After a thorough familiarization, efficiency is obtained by making adequate use of the 
information that becomes available during the flight tests and by analyzing, on board the ship, 
that information in conjunction with the data base obtained prior to the flight tests. Thus 
maximum use is made of the information obtained from the tests, and the number of test flights 
required can be minimized.  
During the test period the selection of test conditions is a major task. Based on the analyzed 
results of the tests that have already been carried out, a number of alternatives for the next test 
condition are defined. This exercise is carried out in parallel for test conditions related to each 
of the potential problem areas of the Candidate Flight Envelope, thus yielding a large selection 
of usable test conditions. The choice of the next test condition then depends on the available 
forecast wind/sea state conditions in the area within reach of the ship. Problems like judging the 
reliability of weather forecast versus time of the ship to travel to the area of interest are to be 
solved.  
Given certain environmental conditions (wind, sea state, temperature) a number of conditions 
can be created by changing ship speed and heading relative to the wind (relative wind 
conditions) and waves (flight deck motion), although these cannot always be changed 
independently. The only parameter that can be changed independently appears to be helicopter 
mass.  
Clever use of information obtained on board, in conjunction with thorough knowledge of the 
factors that limit operations, is used to minimize the problems created by the difficulty to 
establish the most desirable test conditions. Often it is not a matter of demonstrating the 
capability to operate the helicopter at the condition specified, but to obtain data at differing 
conditions and interpolating or extrapolating the results to the conditions required.  
The following data are normally acquired during the tests:  
 actual data of helicopter parameters: 
- engine torques 
- control deflections 
- pitch and bank angles 
- heading 
- radar altimeter 
- Doppler velocities 
- engine inlet temperature 
- type-dependent additional parameters 
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 actual data of ship parameters such as:  
- speed 
- heading 
- wave/swell direction (estimation) 
- pitching and rolling angles 
- anemometer readings (relative wind condition) 
- stabilization data 
- propulsion mode 
 pilot's comment on workload with respect to take-off and landing procedure, influenced 
by: 
- ship's motions 
- turbulence 
- view over the flight deck 
- spray and exhaust gas nuisance.  
Within the constraints imposed by the environment in which the tests have to be carried out, all 
effort is made to carry out the testing as efficient as possible. To this end the nominal procedure 
as depicted in figure 12 is used.  
For each condition tested, the results are evaluated and subsequently the required increase in 
severity of the conditions of the next test condition is determined. Of course in this process both 
engineering insight and flight technical skill (of the pilot) is involved.  
With the knowledge available in advance and the data obtained during the previous test flight, 
the influence of a given test condition on the helicopter limitations can be predicted rather well.  
A prediction of the increase in pilot workload is only possible to a certain extent. If, for 
example, the workload in a certain condition is "low", the permitted increase in difficulty of the 
next test condition will be greater than in the case for "high" workload. The same rule is applied 
(in reverse). In case a condition is considered "marginal" a decrease in difficulty is applied 
whereas if the condition is considered “unacceptable", a larger decrease in difficulty is applied. 
With the application of these prediction methods, good engineering judgment and the 
experience of pilot and test team, the number of flying hours can be reduced to a minimum, and 
a maximum of results will be obtained in the shortest possible time.  
The applied rating scales to judge a test condition is given in Annex D. 
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Figure 12 Flight test procedure on board the ship. 
 
To attempt to assess all wind conditions at all masses would be a very large if not untenable 
task. The philosophy therefore allows for this by permitting landings at different masses to be 
read across (extrapolated) to other procedures. However, there are rules for this and not all take-
offs or landings can be read across.  
 
In essence take-offs or landings which are rated as unacceptable at low mass are also read up to 
higher masses as unacceptable. Take-offs or landings which are rated as acceptable at high mass 
are read down to lower masses. The reasoning behind this is perhaps obvious; an easy landing at 
high mass is also likely to be easy (if not easier) at a lower mass. Equally a landing which is 
rated as unacceptable at low mass because of lack of power or control margins will not be any 
better at a higher mass and the same is considered to be true of handling issues. This provides a 
rational basis for expanding the evidence available at any one mass without conducting a 
particular test point at that mass.  
 
7.1 Drafting SHOLs/Constructing Wind Envelopes  
The operational wind envelopes are drawn up around the acceptable test points attained during 
the trials. The complete SHOL comprises both the wind envelopes and the ship motion 
limitations.  
Different envelopes are produced for use by day and by night. The main difficulty with landing 
at night is due to the scotopic vision of the human eye in these conditions. At low light levels 
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the visual acuity of the eye is degraded so that distance and hence speed/closure rate are difficult 
to judge. For this reason winds from astern are not cleared for night operations anymore. The 
RNLN experience has shown that there are too many pilots’ errors of judgement leading to 
overtorqueing and/or overshooting the approach. In general this is the only difference between 
day and night wind envelopes. 
The deck motion limits applied at night are generally somewhat lower than those permitted by 
day.  
 
 
8 Establishment of Ship - Helicopter Operational Limitations 
At the completion of the flight tests on board the ship, a fair idea about the operational 
limitations has usually been obtained. For final results, measured data (of helicopter and ship) 
together with pilot's comment are analysed in detail. The operational limitations are presented in 
the form of graphs. An example is given in figure 13. In this graph limitations are given for the 
fore/aft take-off and landing for two density masses. 
 
 
Figure 13 Example of SHOL for daytime fore-aft procedure. 
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Following the determination of acceptable wind envelopes and ship motion limits, the SHOLs 
for a range of aircraft density masses are issued to the operators. Furthermore, flight safety 
advice concerning modifications to the ship such as improved deck markings or lighting and 
any warnings about turbulence are also given. Should any helicopter deficiencies have come to 
light during the trials then these will also be brought to the attention of the appropriate authority.  
 
 
9 ROtorcraft Ship Dynamic Interface Simulation (ROSDIS) 
In the last 2 years research has been performed at NLR to develop a simulation capacity aimed 
at supporting the current SHOL determination process in the future. A helicopter ship 
simulation capacity may enable safe exploration of the CFEs in an early stage without 
depending on the availability of personnel and materiel. Also, in simulation, the required 
environmental conditions (strong winds, low density) can be set, including heavy ship motion 
which sometimes does not occur during flight testing. It is therefore thought that simulation in 
the future can reduce the required (flight & sailing) testing effort.  
 
NLR measurements of ship air wake in the wind tunnel and ship motion at sea are applied to 
model; the most recently qualified RNLN ship and flight test data was used to validate the 
helicopter model. Through piloted sessions in NLR’s fixed base Helicopter Pilot Station, the 
fidelity of the modeling was regularly evaluated and further improvements were defined. In the 
final phase of the project the same environmental conditions as in the most recent helicopter-
ship flight trials will be reproduced and several RNLN pilots will participate. This allows for a 
unique comparison with flight test data from the NLR sea trials. 
 
 
10 Concluding Remarks 
A description of the five step approach as applied by NLR in the Netherlands is given together 
with an outline of the aspects to be tested and the influences of various factors on each aspect. 
The programme build up is such that an operator can decide on the issues to comply with his 
requirements.  
In the period from 1982 to 2006 the five-step approach has been systematically and successfully 
applied for eleven qualification programmes for agencies at home and abroad. Five types of 
helicopter and eight classes of ship were involved. Helicopter maximum take-off mass ranged 
from 4040 kg (8900 lbs) to 10250 kg (22580 lbs). Ship's maximum water displacement ranged 
from 485 tons to 17000 tons.  
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For three classes of ship the operational envelopes had to be adjusted due to mid-life 
modifications to the ship's superstructure. It was deemed necessary to perform some additional 
wind tunnel testing. Thereafter it was possible to estimate new operational envelopes, which 
were finally validated by means of flight testing on board. It showed that the applied 
methodology has led to the desired results.  
In conclusion it may be stated that the qualification of helicopters for use on board ships can be 
carried out safely and efficiently when applying the methodology as described in this report. 
The effort to be invested in the helicopter flight programme on board the ship is minimized by a 
thorough preparation, which consists of obtaining detailed information about the helicopter 
capabilities including experimental flight tests, ship's motion characteristics and the wind-
climate above the ship's flight deck.  
 
The methodology used in The Netherlands and described in this report have been developed 
since 1964. The Dutch clearance process has been successfully and safely applied for more than 
4 decennia’s. 
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Annex A Helicopter Ship-borne Operational Procedures 
Helicopter sortie o/b a ship  
A helicopter sortie o/b a ship (day and night) can be divided into the following phases:  
 
Stowed (Fig. A 1)  
Helicopter stowed and secured in hangar. Normally the main rotor and tail are folded. As a rule 
chain and nylon lashings are used. 
 
 
Figure A 1 Helicopter stowed and secured in hangar. 
 
Traversing (=Ranging) (Figs. A 2A & A 2B)  
The folded helicopter is moved from hangar to the landing spot on the flight deck and visa versa 
using a suitable traversing system.  
Traversing / ranging equipment 
In the past various methods and systems were applied throughout the RNLN to traverse the 
helicopter e.g.: 
 The Mc Taggart & Scott winching systems; 
 Various types of trolleys (Fig. A 2A); 
 The “SAMAHE” system (Fig. A 2B); 
 Lashings and man power. 
There are much more traversing systems available on the market: such as the American DAF-
Indal RAST-system, the Canadian “Bear trap” system and the Italian Riva Calzoni system. 
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Figure A 2A Traversing and manoeuvering the helicopter to the flight deck. 
 
 
Figure A 2B Application of the SAMAHE system. 
Secured (=Lashed/Tie Down) (Fig. A 3)  
The folded helicopter is secured to the deck using lashings and / or a deck locking system 
dependent on weather conditions. 
 
Figure A 3 Helicopter secured on deck preparing for engine start and blade unfolding. 
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Unfolding (=Spreading) (Figs. A 4A & A 4B)  
Helicopter main rotor blades are unfolded automatically or manually. When automatic blade 
unfolding is applied, engine start up is performed first. To avoid blade damage, manual support 
can be deemed essential. 
 
 
Figure A 4A Manual unfolding of the helicopter blades. 
 
 
Figure A 4B Automatic unfolding of the helicopter blades. To avoid blade damage, manual 
support can be deemed essential. 
 
Engine Start/Rotor Engagement  
Engine or engines are started and rotors are coupled.  
 
Take-off  
When conditions are inside the SHOLs and Command has issued take-off permission, deck 
crew removes nylon lashings, whereupon the pilot, when applicable, disengages the deck lock 
system. 
Helicopter lifts off into a hover over the deck and moves clear of the ship. 
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Departure  
Once the helicopter is clear of the ship's superstructure it transits to forward flight and departs 
from the ship.  
 
Mission  
The helicopter crew carry out their mission.  
 
Approach  
After the helicopter mission is completed, a specific pattern is followed to set-up for a landing. 
The approach phase ends as the helicopter is hovering in a waiting position in the vicinity of the 
ship.  
 
Landing  
The helicopter moves from the waiting position to the flight deck and lands. On touch down the 
pilot immediately engages the deck lock system (when available). Lashings are employed for 
securing. 
 
Engine Shut Down / Rotor Disengagement  
Engines are shut down. The rotors are disengaged and stopped, normally using a rotor brake.  
 
Folding  
The helicopter blades and tail are folded automatically or manually dependent on available 
system. To avoid blade damage, manual support can be deemed essential. 
 
Traversing (=Ranging)  
The folded helicopter is moved from the flight deck to the hangar using a traversing system 
(Fig. A 2).  
 
Stowed  
The helicopter is secured in the hangar using chains and nylon lashings (Fig. A 1).  
 
During a mission, the helicopter can return to the ship for example for refuelling or to pick up or 
release external cargo. Picking-up or releasing external cargo is called vertical replenishment 
(“VERTREP”).  
 
Apart from VERTREP it is for most types of helicopters possible to transfer persons and (small) 
loads by means of a winch (“winching”).  
Refuelling can be done on deck with engines and rotors running (hot refuelling – “RRR”) 
(Fig.A 5) or hovering close to the ship (helicopter in flight refuelling – “HIFR”) generally a 
stern port position is chosen. 
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Figure A 5 Rotor Running Refuelling (Hot Refuelling). 
 
For safe operations and optimal operational use of the helicopter, it is of essential importance to 
determine the limitations for each of the afore-mentioned phases.  
The significant result of shipboard helicopter compatibility testing is at least one or all of the 
following envelopes: engage/disengage, Vertical Replenishment, Helicopter In-Flight 
Refuelling, and launch/ recovery.  
Once developed, these envelopes largely establish the allowable range of wind/ship motions 
conditions that safely permit routine shipboard helicopter operations.  
Conversely, for any given ambient wind condition, the envelopes permit a ship operator to 
safely operate helicopters from a wider variety of ship course/speed combinations, optimizing 
his tactical and operational flexibility.  
An example of a secured and lashed helicopter on deck in rough weather between two sorties is 
shown in figure A 6.  
 
 
 
 
 
 
 
 
 
 
Figure A 6 Helicopter secured and lashed on deck in rough weather. 
 
The next annex discusses the various procedures for the take-off, departure, approach and 
landing phases. 
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Annex B Royal Netherlands Navy operational procedures 
General 
Dedicated Flight Operational and Technical procedures are laid down in the national regulations 
which are applied and are respected to ensure safe and optimal usage of the helicopter - ship 
combination.  
 
Procedures  
 The standard flight operations in The Netherlands are carried out according to the "single 
pilot concept". This implies the following crew composition: 
- one pilot (right-hand cockpit seat); 
- one tactical coordinator (left-hand cockpit seat); 
- one sensor operator (at the sensor console in the cabin). 
 The standard military flight procedures for e.g. the Royal Netherlands Air Force requires 
two pilots and depending on the type of landing being flown, either pilot may be “in 
control”. 
 
During standard recovery / flight operations, ship controlled approaches are carried out up to ¼ 
mile from the ship, using a nominal 3-deg glide slope.  
 
During the recovery from ¼ mile up to land-on (touch down) and during launch up to transition 
to forward flight, the Flight Deck Officer (FDO) directs the pilot by marshalling signals and by 
radio communication.  
During standard flight (launch & recovery) operations the ship's Command & Control Centre 
(CC), the helicopter and the FDO are always on one dedicated communication frequency. 
 
Take-off and landing 
In general take-off and landing with a helicopter are easiest into the wind. However, on small 
ships this procedure is not always possible and furthermore it does not always provide optimal 
results because of the presence of obstacles. Therefore different take-off and landing procedures 
are applied to increase the operational availability of the helicopter on board the ship. To the 
authors' knowledge there are six different procedures which are being applied worldwide. The 
three most common procedures applied in the Netherlands are visualized and compared below. 
The other three procedures will be briefly highlighted.  
 
1) Fore/aft or forward facing procedure (F/A) (Fig. B 1)  
A fore/aft take-off is performed as follows:  
 align the helicopter with the ship's centre-line, with its nose in the sailing direction;  
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 hover above the flight deck with initial ship's heading;  
 fly sideward to hover position alongside the ship either to port or starboard (not necessary 
to the windward side);  
 turn away 30° from ship's heading;  
 climb out.  
 
 
Figure B 1A Example of fore/aft take-off and landing paths. 
 
 
Figure B 1B Fore/aft take-off to port. 
 
Recently an additional technique was introduced for the fore/aft take-off. This technique was 
adapted to make optimal use of the helicopter’s available engine power. 
The fore/aft take-off was performed as follows: 
 align the helicopter with the ship's centre-line, with its nose in the sailing direction;  
 climb with maximum allowable take-off power until the helicopter is out of the turbulent 
air and air bubble until the helicopter is in the “free” air stream; 
 fly sideward to hover position alongside the ship either to port or starboard (not necessary 
to the windward side);  
 initiate a forward flight alongside of the ship or turn away approximately 30° from ship's 
heading;  
 climb out.  
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A fore/aft landing is performed as follows:  
 approach the ship to a hover wait position alongside the ship (preferably to port because of 
pilot's view over the flight deck). The helicopter's longitudinal axis is parallel to the ship's 
centre-line;  
 fly sideward to the hover position over the landing spot;  
 land  
 
2) Relative-wind or into wind procedure (RW) (Fig. B 2) 
The relative-wind take-off is performed as follows:  
 swivel (if possible) the helicopter with its nose into the relative wind direction;  
 hover with this heading above the flight deck;  
 if necessary to avoid obstacles (e.g. the hangar), fly sideward to a hover position alongside 
the ship;  
 climb out.  
 
 
Figure B 2A Relative or into wind take-off and landing flight paths. Approach either from port or 
starboard. 
 
 
Figure B 2B Relative wind (into-wind) procedure facing starboard. 
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The relative-wind landing is performed as follows:  
 approach the ship from the leeward side;  
 continue flight up to the hover position above the landing spot (helicopter nose into the 
relative wind);  
 land.  
 
3) Cross-deck procedure (XD) (Fig. B 3)  
This procedure is nowadays not so common anymore to the Royal Netherlands Navy and The 
Netherlands Defence Forces. 
The cross-deck take-off is performed as follows:  
 swivel (if possible) the helicopter until its longitudinal axis is perpendicular to the ship's 
centre-line;  
 lift off and climb out at this heading. 
 
 
Figure B 3A Cross-deck take-off and landing flight paths. Approach either from port or 
starboard. 
 
 
Figure B 3B Cross-deck facing port procedure. 
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The cross-deck landing is performed as follows:  
 approach the ship from abeam either from port or starboard (leeward side);  
 continue flight up to the hover position above the landing spot;  
 land.  
 
Note: XD is not RW at 90°. The XD-procedures are related to (and executed perpendicular to) 
the ship’s longitudinal axis. The relative wind (speed and direction) can vary independently 
with respect to the helicopter longitudinal axis.  
Comparing these three take-off and landing procedures, the following remarks can be made: 
 
 The F/A procedure has the advantage that the pilot’s view over the flight deck is rather 
good, especially during the approach (to the port side of the ship during single pilot 
operations) and sideward flight before landing. For that reason, the procedure can also be 
carried out at night on board a ship with a fixed GPI setting. When applying the two pilot 
flying concept on board a ship with a remote adjustable GPI the procedure can be carried 
out over port as well as over starboard. 
However, this procedure is only applicable if the cross-wind component with respect to the 
helicopter (and thus also to the ship) does not exceed the helicopter limitations.  
 During the RW procedure where no or only small cross-wind components are present, yaw 
control is not a limiting factor. However, during this procedure the pilot's view over the 
flight deck is rather poor especially during the approach from port during single pilot 
operations. 
In spite of the fact that wind is from ahead relative to the helicopter it is expected that a 
lower wind speed limit will apply compared to the F/A procedure. The same holds for 
ship’s motion. Generally the RW procedure is only carried out by day. 
This procedure can also be applied during night time operations when using NVG’s 
(Paragraph “NVG (Night vision Goggles) procedures). 
 During the XD procedure cross-wind components can be encountered. Therefore yaw 
control has to be watched very carefully. Besides, the pilot's view over the flight deck is, 
compared to that during the RW procedure, rather restricted, especially during the 
approach from port. Because of this, the wind speed-and ships' motion limits are expected 
to be even lower than those for the RW procedure. The XD procedure is only carried out 
by day.  
 
The following three less common procedures are briefly discussed.  
 
4) Aft/Fore or facing astern procedure (A/F) (Fig. B 4) 
An aft/fore take-off is performed as follows:  
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the helicopter is aligned with the ship's centre-line, with its nose facing the stern of the ship;  
lift off and climb out at this heading. 
 
 
Figure B 4 Positioning the helicopter for a stern take-off following the aft-fore procedures. 
 
An aft/fore landing is performed as follows:  
 approach the ship under approximately 45° from ahead, to a hover wait position alongside 
the ship (preferably to starboard because of pilot's view over the flight deck);  
 align the helicopter's longitudinal axis parallel to the ship's centre-line (helicopter still 
facing the stern of the ship);  
 fly sideward from the hover wait position to the hover position over the landing spot;  
 land.  
 
NOTE: This procedure has been applied on ships with a relative large flight deck in comparison 
to the helicopter size. The pilot’s visual orientation and reference is difficult when carrying out 
the Aft/Fore procedures. During this procedure the assistance of the Flight Deck Officer (radio 
communication) is indispensable. 
 
5) Astern procedure 
The astern take-off is performed as follows:  
 align the helicopter with the ship's centre-line, with its nose in the sailing direction;  
 hover above the flight deck with initial heading;  
 fly backwards, relative to ship's heading, to hover wait position aft of the ship;  
 turn away approximately 30° from ship's heading;  
 climb out.  
The astern landing is performed as follows:  
 approach the ship from astern. The approach path is in line with the ship's centre-line;  
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 continue flight up to the hover position over the landing spot;  
 land.  
 
NOTE:  
In The Netherlands the astern landing is only used for precautionary or emergency landing. The 
ship speed is then increased to maximum obtainable and a "Semi-running" landing is carried 
out. 
 
6) Oblique procedures 
The oblique procedures are carried out either over port or starboard. The helicopter longitudinal-
axis is under an angle of either 30° or 45°, with respect to the ship's centre-line. The oblique 
take-off and landing are carried out in the same manner as the relative wind procedures, 
however with the restriction that the helicopter heading is predetermined and fixed.  
 
NVG (Night Vision Goggles) procedures 
For ship classes for which the deck illumination is NVG compatible all aforementioned 
procedures, except the Aft/Fore, can be applied provided the ship is equipped with a remotely 
adjustable Glide Path Indicator. Furthermore the operational procedures must be adapted 
accordingly. The flight operations are carried out in a sector from Dead Ahead to Abeam 
relative to the flight deck. 
 
Role of Flight Deck Officer (FDO)  
The FDO in the RNLN has several tasks during helicopter operations. His tasks are:  
 controlling all activities on the flight deck;  
 being interlocutor between ship's command and flight deck personnel;  
 acting as safety officer during standard and emergency helicopter operations;  
 marshalling the helicopter during take-off and landing (Fig. B 5). 
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Figure B 5 Marshalling the helicopter during dual spot operations. 
 
During helicopter operations the FDO is assisted by the flight maintenance crew. 
To monitor the take-off and landing conditions the FDO uses the repeater indicators on the 
flight deck (Fig. B 6) presenting relevant ship data. 
 
 
Figure B 6 Information presented to the FDO by means of repeater instruments. 
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Annex C Helicopter operational environment around a ship 
The major factor limiting the helicopter operations on ships compared to land-based operations 
is the relatively small flight deck for take-off and landing, which is (Fig. C 1):  
 moving (pitch and roll)  
 obstructed by obstacles (mainly the hangar in front of the flight deck) which, apart from 
collision risk, generate: 
- distorted air flow 
- up- and down drafts 
- hull vortices 
- a complicated turbulence field (in addition to natural turbulence) 
- influence of spray, causing a reduced view over the flight deck and possibly resulting 
in engine surging or even engine flame out 
 and where stacks and funnels are in the near vicinity releasing exhaust gas, which may 
cause: 
- additional turbulence  
- an increase of the ambient air temperature above the flight deck (increase of density 
altitude)  
- reduced view over the flight deck  
 
 
Figure C 1 Helicopter operational environment around a ship. 
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Although the ship's course and speed as such do not constitute directly to limiting factors for 
helicopter operations, they may create, in combination with sea-state, wave/swell direction and 
true wind a limiting condition.  
 
Since the ship’s environment is much more complex than the environment ashore, it should be 
determined in what way the take-off and landing envelope as provided in the flight manual for 
land-based operations (Fig. C 2) is affected. To evaluate the effect of the ship environment on 
the helicopter performance, detailed data of the helicopter capabilities are needed. If not 
available in advance, these are obtained during shore-based hover trials.  
 
These tests are used to evaluate yaw control performance in cross wind conditions and also at 
high torque values needed in the low-speed region. Furthermore helicopter pitch and bank 
angles needed for hover at high wind speeds from all directions relative to the helicopter are 
determined. Finally tests are carried out in those wind conditions where main-/ tail-rotor 
interference might exist, causing helicopter oscillations. It must be understood that these tests 
are executed within the limitations for land-based operations as given by the helicopter 
manufacturer.  
 
Figure C 2 Typical relative low wind speed envelope as provided by the manufacturer. 
 
The data obtained should indicate where, within the land-based envelope, regions exist where 
the margin between available and required helicopter performance is small. An example of 
torque and yaw control performance obtained from such tests is given in figure C 3.  
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Figure C 3 Detailed results from land based hover trials. 
 
Knowing the ship environment and the relevant performance of the helicopter, the effects on 
helicopter operations can be estimated, if not quantitatively, then at least qualitatively. Such 
effects can be grouped into two classes: 
 effects that may result in hazardous flight conditions, which will have to be avoided; 
 effects which will create a difficult and demanding situation for the pilot.  
These effects should be evaluated carefully and the operational applicability should be evaluated 
by means of flight testing. 
 
Similar to helicopter performance, good handling qualities and control are necessary to 
counteract turbulence and ship's motions adequately. During transitions to and from forward 
flight, take-off and landing, a control margin is required to maintain controllability during any 
unexpected situation (gusts, turbulence,...). In most cases, control margin limitations occur for 
pedal controls. For helicopters that employ tail rotors, yaw control is an area of concern.  
 
Conditions where inadequate yaw control exists (area E in Figure C 3) must be avoided. 
Therefore a decelerating flight from approach speed to hover, while the relative wind above the 
flight deck is situated in the shaded area under area E (Fig. C 3), must be avoided as the relative 
wind condition of the area E will be traversed. Such an approach to an obstructed flight deck 
with inadequate yaw control is hazardous.  
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Wind conditions close to those areas where inadequate yaw control exists must be approached 
very carefully because of yaw control variations needed to counteract turbulence and ship 
motions adequately. 
 
Landings on an oscillating deck 
Most helicopter manufacturers provide sloped landing limitations for take-off and landing 
operations outside unprepared helicopter landing sites. In most land-based operations, pilots can 
adjust the helicopter heading to land either up-slope, down-slope, or cross-slope depending on 
the safest option. Similarly, limitations may restrict helicopter ship-borne operations due to the 
relative geometric attitude of the helicopter to the ship.  
In the Netherlands the Flight Deck Officer will launch & recover the helicopter during a 
quiescent motion period of the ship, with the deck in an almost horizontal position. It must be 
remarked that before take-off and directly after the land-on the helicopter is secured to the flight 
deck by means of a harpoon-grid system (in some navies known as "Talon"-system). The 
system greatly increases the allowable ship motions. For those operators where the helicopter 
crew lacks the assistance of a Flight Deck Officer to launch and land the helicopter, the deck 
slope aspect is of great importance in order to avoid dynamic roll over. 
 
High wind speed from ahead 
Another factor that will affect helicopter handling qualities and control is air-wake turbulence 
due to high wind speeds from the forward sector. In this case, the turbulence caused by the ship 
superstructure affects the helicopter such that the pilot cannot maintain sufficient control for 
safe take-off or landing. Relative wind conditions where very heavy turbulence exists (Fig. C 4; 
high wind speed from ahead), in combination with spray nuisance (Fig. C 5; reducing pilot's 
view over the flight deck) and rather large ship amplitudes, especially in pitch (Fig. C 6; 
inherent to the accompanying high sea-state), have to be avoided. In such cases the control 
inputs required to counteract the helicopter response to turbulence in combination with 
manoeuvring, necessary to avoid collision with parts of the oscillating ship may be too large 
(overtorqueing, maximum control margin), and create a hazardous condition. 
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Figure C 4 Turbulence level above the deck as a function of relative wind. 
 
 
Figure C 5 Relative wind conditions during which spray and exhaust gas may be bothersome. 
 
 
Figure C 6 Example of ship’s pitch and roll amplitudes as a function of ship’s speed and course. 
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Low relative wind speed 
High helicopter engine power is needed at low relative wind speed and also at high helicopter 
mass (area A in Figure C 3). The power and yaw control margins in that condition might be too 
small to counteract adequately a certain amount of ship's motions. Therefore helicopter mass 
and density altitude should be watched very carefully during helicopter ship operations. 
Furthermore, at low relative wind speed the down-wash of the rotor generates spray, which is 
most bothersome when the helicopter hovers alongside the flight deck (Fig.C 7).  
 
 
Figure C 7 Spray resulting from downwash and recirculating airflow. 
 
Strong tail wind 
Taking into consideration the presence of obstacles near the flight deck, strong tail-wind 
conditions (area D in Figure C 3) can create a hazardous situation. Moreover, such wind 
conditions result in large helicopter pitch-up angles reducing pilots view over the flight deck. 
For these reasons strong tail-winds (above 10 kts) should be tested with extreme caution.  
 
Blade sailing 
Especially helicopters with a fully articulated main rotor system are subjected to blade sailing 
during rotor start up and/or shut down in a turbulent/gusty wind environment. The problems 
associated with blade sailing are: tunnel and/or forward cockpit strike and the risk of 
decapitation of deck personnel.  
There are no specific test procedures for this subject in the Dutch procedures. The only 
precautions which are taken during flight testing are:  
 never exceed manufacturer's limitations and  
 start up and shut down main rotor in optimal obtainable wind and ship motion conditions 
during flight testing.  
 
In practice, this problem has not been met in NLR’s testing experience. 
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Hot exhaust gas ingestion 
Another factor that affects helicopter performance is hot exhaust gas ingestion. There are two 
types of shipboard problems associated with hot exhaust gas.  
The first is the helicopter ingesting hot gases from the ship propulsion or energy generating 
systems. 
During wind-tunnel testing on a ship's model and during full-scale wind climate testing close 
attention is paid to this subject. 
 
The second is the helicopter re-ingesting its gas turbine exhaust due to recirculation. 
Helicopter problems may be a result of a combination of the two. Hot exhaust gas ingestion 
decreases the helicopter’s available power. 
 
Pilot field of view and visual orientation 
Field of view analysis in preparation for a shipboard flight test is usually not a critical issue 
unless the test helicopter is a prototype or the purpose of the test is to evaluate a new deck 
marking configuration for ship-borne operations.  
Visual cues provide the pilot with situational awareness and the ability to manoeuvre the 
helicopter over the landing spot. The situational awareness can be degraded by several factors.  
At high cross-winds from port, during fore and aft landing from port, the helicopter will bank to 
the left (port). On the other hand the ship's list will be over right (starboard). This results in a 
deteriorated pilot's view over the flight deck (Fig. C 3 Area C).  
When operating in high tail winds the increased nose-up attitude of the helicopter will also 
result in a deterioration of pilot's view.  
Other factors that will degrade the pilot's view of the flight deck during approach and hover are 
the salt spray generated by the ship's hull and by the recirculation of the downwash of the rotor 
in low relative wind speeds.  
Degradation of pilot's view and visual cues will result in a high to unacceptable pilot's workload 
and is a limiting factor for helicopter ship-borne operations.  
 
Night Vision Goggles (NVG) 
When the sky is sufficient bright at night flight operations with NVG can be performed, 
provided that the NVG system is at least of the third generation type. The pilot must be capable 
to distinguish a fair horizon when approaching the ship. During NVG operations fore/aft and 
relative wind procedures up to 90 deg. relative to the ship’s centre line can be carried out. Only 
the ship motions are very limited (almost nil) during NVG operations. 
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Approach aids 
Shipboard lighting, if not properly managed, can pose a significant problem at night to a pilot 
approaching the ship in darkness. Normally for night flying operations a "darkened ship" routine 
is maintained, which implies that all exterior lighting is switched off, ship's navigation lights are 
dimmed if necessary and only flight essential lighting is on. In the Royal Netherlands this 
consists of:  
A glide path/slope indicator (GPI or GSI). The GPI is a semi stabilized indicator showing 
vertically a green sector with an inclination between 2 deg. and 4 deg. for the correct 3 deg. 
glide path. Above 4 deg. it shows amber and below 2 deg. it shows red. For NVG compatibility, 
generally the amber colour is replaced by flashing one of the other beam colours. 
The horizontal sector is 15 deg. centred around the (predetermined) approach line to the ship.  
A fixed horizon bar consisting of fixed dimmable white bulb lights which are mounted above 
the hangar door.  
 
Piloting skills 
Controlling the helicopter in the conditions encountered during ship-board operations is a 
demanding job. The workload depends both on the helicopter flight characteristics and on the 
amount of ship (flight deck) motion, the turbulence level encountered, the view over the flight 
deck, visibility and lighting conditions (day or night). In this highly dynamic environment the 
workload of the pilot may become too high, and conflict with the flight safety. Excessive 
workload situations may result in further or additional operational limitations. To evaluate the 
dynamic behaviour of the helicopter/pilot combination in the complex turbulent environment of 
the moving flight deck of a ship, the execution of actual flight tests is the only means available 
at present. To establish optimal and safe limitations it is crucial that the tests are carried out by 
pilots with maximum experience in ship-borne helicopter operations. Apart from that the "test" 
pilot has to take into account the capabilities and skill of the "average' pilot who has to operate 
up to the limitations which are produced.  
Although during the qualification flight tests the pilot is backed up by recordings of the 
helicopter performance and behaviour, his opinion remains one of the most important 
contributions to the process of determining operational limitations due to high workload and 
dynamic response effects.  
Furthermore the safety of the flight testing ultimately rests on his ability to properly judge the 
severity of the actual conditions in which the testing takes place. 
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Annex D Helicopter and pilot rating scales 
During the actual flight trials aboard the ship, two types of data become available: quantitative 
data on helicopter performance and ship behaviour, and qualitative data on pilot workload and 
helicopter controllability. The latter should be referenced to the average pilot skill level.  
 
Typical rating scales for a specific helicopter type, as used in The Netherlands are shown in 
table D1 and D2. Each take-off and landing is assessed for control and power margins as well as 
pilot handling qualities.  
 
The assessment of control generally means the evaluation of tail rotor pitch or rudder pedal 
margins where it has been determined that cyclic and collective margins are adequate. Power is 
evaluated using torque values, thus the rating scale is based on indicated torque values in 
relation to transmission or engine limits.  
 
In table D1, it can be seen that a four-point scale is used. It can also be seen that both mean and 
maximum torque, pedal and cyclic values are rated. The more limiting value is used to assess 
the take-off or landing.  
Torque and tail rotor considerations on their own are not adequate to cover all eventualities, and 
it is necessary for the pilots to assess the handling difficulty or workload associated with a take-
off and landing.  
For pilot handling a four point scale, as given in table D2, is used.  
 
Table D1: Torque, Pedal & Cyclic Rating Scales 
PARAMETER RATING MEAN TRANSIENT 
TORQUE 
1 / 2 
3 
4 
85 - 90 
90 - 100 
> 100 
< 95 
100 - 105 
105 - 116 
LEFT PEDAL  
DEFLECTION 
FROM 
NEUTRAL 
1 / 2 
3 
4 
< 85 
90 - 95 
95 - 100 
< 90 
95 - 100 
100 
LAT/LONG 
CYCLIC 
1 / 2 
3 
4 
< 85 
90 - 95 
95 - 100 
< 90 
95 - 100 
100 
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Table D2: Pilot Rating Scale 
RATING HINDRANCE VISUAL REFERENCE PILOT'S WORKLOAD 
1 LIGHT FAIR MINIMAL 
2 MODERATE POOR MODERATE 
3 HEAVY BAD CONSIDERABLE 
4 NOT ACCEPTABLE NOT ACCEPTABLE NOT ACCEPTABLE 
 
 
